Amyotrophic lateral sclerosis (ALS) is a progressive neurodegenerative condition of upper and lower motor neurons. Clinical presentation is heterogeneous and is usually segregated by site of onset (bulbar vs spinal). Extreme phenotypes with better prognosis include primary lateral sclerosis (PLS) (pure upper motor neuron involvement) and progressive muscular atrophy (PMA) (pure lower motor neuron involvement). 1 Although primarily a disorder of the motor system, ALS also has nonmotor features. Cognitive impairment occurs in up to 50% of cases, and 1 patient in 8 develops frank frontotemporal dementia (FTD). 2 There is some evidence that ALS and FTD may form part of a disease continuum, with "pure" ALS at one extreme and "pure" FTD at the other.
A mendelian inheritance pattern has long been recognized in approximately 5% of ALS cases. 3 Candidate gene, and recent genome-wide association studies of sporadic ALS have also identified a number of reproducible susceptibility loci, including a strong signal on chromosome 9p21. 4 Using conventional segregation analysis and next generation sequencing of families with ALS and FTD, 2 groups reported an expanded hexanucleotide repeat in the intronic region of a previously unknown gene: C9ORF72. 5, 6 Disease segregating with the expanded hexanucleotide repeat in the C9ORF72 gene accounted for up to 60% of familial ALS and 10% of sporadic ALS in Finland. 6 The article by van Rheenen et al. 7 in this issue of Neurology ® is one of a series of phenotyping studies to characterize the frequency, phenotype, outcome, and clinical relevance of this C9ORF72 hexanucleotide expansion. Using a very large and wellcharacterized population-based cohort, including familial and apparently sporadic cases, they found the hexanucleotide expansion in 37% of all familial ALS, in 6.1% of apparently sporadic ALS, in 1.6% of patients with PMA, and in 0.9% of patients with PLS. Those with the expanded repeat had an earlier age at onset and shorter survival than those without the expansion, and were more likely to have a family history of dementia. A limitation of the study is the absence of detailed cognitive and behavioral information.
These findings are similar to other recently reported clinic-and population-based studies of the C9ORF72 expanded hexanucleotide repeat. 8 The presence of the repeat expansion in a few patients with PMA and PLS is of interest, although not entirely surprising-a PLS phenotype has been reported in familial ALS, and neuropathology studies of PMA demonstrate subclinical upper motor neuron involvement in a sizeable proportion. 1 All studies have shown that this repeat expansion accounts for a substantial component of all familial ALS (ranging from 37% to 60%), considerably higher than mutations in SOD1. However, the reported populations have all been of European ancestry and the vast majority of their expansions share a common haplotype at C9p21, suggesting a common founder effect with a distinct geographic distribution. [5] [6] [7] [8] This is of interest as it may account for some of the geographic differences in ALS distribution and phenotype.
The presence of the expanded repeat in those with apparently sporadic ALS presents a conundrum. This is in part because there is no real consensus as to the precise definition of familial ALS. 9 The observation that the C9ORF72 repeat expansion is associated with both ALS and FTD strongly indicates that a family history of FTD should also be included as part of the criterion of familial disease.
Is the C9ORF72 expansion a game changer? Yes. The existence of the C9ORF72 repeat confirms the heterogeneity of ALS. Clinically there are at least 2 major groups in ALS: those with pure sporadic ALS (no cognitive or behavioral impairment and no reported family history of ALS or FTD) and those with a predominance of executive cognitive impairment and behavioral change. 2 A high proportion of the lat-ter group carry the repeat. 8 Moreover, neuropathology studies of those with the C9ORF72 expansion suggest a distinct subphenotype, with abundant p62-positive inclusions in nonmotor regions including the frontal cortex, the hippocampal dentate gyrus, and hippocampal CA3 and CA4 subfield neurons. 10 The mechanisms and significance of these inclusions remain to be determined. However, the findings are sufficiently characteristic to predict the genetic status and taken together, they suggest that those with the C9ORF72 hexanucleotide repeat comprise a clinically and pathologically distinctive subgroup of ALS.
Given that up to 8% of apparently sporadic ALS cases carry the C9ORF72 repeat, should all patients with sporadic ALS now be tested? Detailed cognitive, behavioral, and family history studies of a large incident-based Irish cohort suggest not. 8 Patients with normal cognition and behavior and a negative family history of neurodegeneration are unlikely to have the C9ORF72 expansion. Conversely, up to two-thirds of those with ALS with evidence of cognitive and behavioral impairment, and a family history of neurodegenerative disease, carry the repeat. 8 In these instances identification of the expansion could establish an earlier diagnosis.
Predictive testing is not advisable unless in a research setting. The probability of an asymptomatic individual with the repeat expansion developing the disease is unknown, and the work from van Rheenen et al. 7 suggests that the phenotype can be expanded from typical ALS, ALS and FTD, or pure FTD, to PMA or PLS. Although presymptomatic testing could be of value in a research environment, a great deal more information will be required to establish the factors that determine disease penetrance, clinical phenotype, and the relationship between repeat number and patterns of inheritance.
Suspense surrounds the awaited results from basic research being carried out in parallel with these clinical/genetic studies. In what ways are mechanisms of neuronal degeneration and progression throughout affected regions shared with other neuromuscular disorders resulting from genetic expansions? To what extent are non-neuronal cells involved? Is there evidence for expansion at this intronic locus in somatic tissue? Or evidence that this might be a genomic region favoring development of the expansion in the germ line?
Clearly at present there are more questions than answers in this new field and the take-home message at this point is, stay tuned!
